Purpose: The Health Belief Model can help in understanding low acceptance of disease prevention and screening.
Sickle cell disease (SCD) is a common single gene disorder most prevalent among persons of African descent, although many other ethnic groups may also be affected. In the United States, an estimated one in every 375 live births among individuals of African descent is affected by SCD, and approximately 1 in every 12 African Americans is a heterozygous carrier of the sickle ␤-globin mutation. [1] [2] [3] Newborn screening for hemoglobinopathies has been a successful form of population screening for SCD, with the majority of states establishing programs of screening for hemoglobinopathies by the mid-1980s. 4 The primary purpose of the newborn screening program has been to identify newborns with SCD and initiate penicillin prophylaxis because this has shown to substantially reduce the incidence of pneumococcal sepsis in infancy. 4 -6 In the course of screening for SCD, heterozygous carriers of the sickle cell trait (SCT) are also identified. Although this offers the opportunity for counseling a family who may be at risk of having a child with SCD in a future pregnancy, no universally accepted method of notification and counseling has proven to be effective. 3, [7] [8] [9] [10] Knowledge of SCD, cultural views, health beliefs, and social and economic barriers may be contributors to the lack of interest and support for SCT testing and genetic counseling among African Americans. The Health Belief Model can help to understand the failed acceptance of disease prevention and screening services among various populations. 11 Health screening behavior is determined to be driven by a combination of (1) the individual's perceived susceptibility to the condition, (2) the individual's perceived seriousness of the condition, (3) the individual's perceived benefit of the specific behavior, and (4) the individual's perceived barriers to the behavior. 12 Use of the Health Belief Model has been successful in assessing and motivating health behavior change among African Americans in regards to cancer screening, genetic information, and use of health care resources for sickle cell patients, prenatal screening for hemoglobinopathies, diabetic health care compliance, and sexual practices over a range of age groups. Health beliefs may differ between African Americans and other ethnic groups. 21, 42 African American women who perceive fewer barriers to screening perceive more benefits to pursuing screening, have an increased perception of susceptibility, and have confidence in the accuracy of screening are more likely to undergo screening for cancer. 22, 25, 26 Increased understanding and knowledge of screening methods and the disease state also affect participation in screening. 22, 25, 26 An assessment of the influences motivating African Americans to pursue testing and counseling for SCD may be beneficial in designing approaches to education and counseling. We therefore undertook an investigation of the current state of health beliefs among African American women toward SCD and SCT screening and counseling.
METHODS AND MATERIALS
African American women, older than the age of 18 who were visiting the laboratory of the Magee-Women's Hospital Outpatient Obstetrics and Gynecology Clinic were invited to participate in an anonymous self-administered survey and short educational session regarding SCD and SCT. The study, anonymous surveys, and educational materials used were reviewed and approved by the University of Pittsburgh Institutional Review Board. Participants included women who were pregnant and women who were receiving routine gynecological care. Anonymous surveys to evaluate the health beliefs and knowledge of SCD were given to voluntary participants before participation in a brief 5-minute educational discussion session regarding SCD and SCT screening. A representation of the survey questions used can be found in Table 1 . The assessment was performed before educating the population to avoid influencing the answers and to obtain a representative sample of the current state of knowledge and the health beliefs of the African American female population. Knowledge of SCD was assessed using eight multiple-choice questions modeled after a survey administered to school-age children to assess knowledge of SCD 43 and experience with SCT carrier education. The health beliefs survey is a 12-question measure modeled after those used among African American women to assess motivations for participation in cancer screening programs. 21, 42 A 5-point Likert scale response system was used to assess the health beliefs of perceived susceptibility, perceived seriousness, perceived benefit of action, and perceived barriers to action. A score of 1 indicated strongly disagree or a low level of perception, and 5 indicated strongly agree or a high level of perception, as recommended by Champion. 12 Five demographic questions were also obtained. After participation of 45 individuals, it was deemed useful to also inquire whether the participants had been previously screened and whether they were found to be carriers as this information may be related to the level of perceived susceptibility and the level of knowledge regarding SCD and SCT. Correct answers to the SCD knowledge questions were given a score of 1, with a total maximum possible score of 8. A 5-point Likert scale was used for assessment of perceived severity, susceptibility, benefits, and barriers, with 5 indicating a high perception and 1 indicating a low perception. Stata 7.0 statistical software was used for descriptive statistics, linear regression and correlation studies. A P value of Յ0.05 was considered statistically significant.
RESULTS

Demographics
One hundred one women, age 18 to 45 years old (median, 24 years) at least partially completed the health beliefs survey. Demographics of the participants are described in Table 2 . The majority of the population surveyed for knowledge of SCD and perceived health beliefs had attended some college (39%) and were unmarried (58%), with an average of one child (27.2%). Forty-one percent of participants currently live with their partner. Fifty-five participants were surveyed on whether they had previously been tested for SCT; of these participants, 16 (29.09%) indicated they had been previously tested and two of those (12.5%) indicated that they had SCT.
Perceived health beliefs
The cumulative mean perceived severity before education was 4.22 Ϯ 0.88 on the 5-point Likert scale. Respondents' levels of perception that SCD is a serious disease, that having a child with the disease would be scary, and that it would change their life were 4.40, 4.42, and 3.81, respectively, on a 5-point Likert scale. The cumulative perceived benefit to testing was 4.10 Ϯ 1.03. Respondent's levels of perception that it would be useful to know their own trait status, to know the trait status of their partners, and perception that it may influence how they would plan their pregnancy were 4.32, 4.43, and 3.58, respectively, on the 5-point scale. The cumulative perceived barriers to testing were 2.28 Ϯ 1.00. Respondent's perceptions that the testing was painful and difficult and that it would be difficult to convince their partner to be tested were 2.18 and 2.10, respectively. The perception of a financial barrier in the form of desiring to pay for testing in the event it was not covered by insurance was 2.59 on a 5-point Likert scale. The cumulative perceived susceptibility was 2.62 Ϯ 1.06 on the 5-point Likert scale. Respondents' perceptions that their partner may have SCT, that their own children were at risk of having SCD, and that the disease could happen in their family were 2.45, 2.05, and 3.329, respectively. It is of note that the perceived risk to extended family is relatively higher than that of the immediate risk to their own children. All data can be seen in Figure 1 . Of the 55 participants who were questioned on whether they had been screened previously, no significant relationship was found between having been screened and their perceived severity of SCD, their perceived susceptibility, their perceived benefits to testing, and their perceived barriers to testing.
Knowledge
The average knowledge score on an eight-question scale was 4.46 Ϯ 1.83. The Spearman rank correlation function was used to determine correlation between overall knowledge of SCD and the health beliefs. Spearman's value of 1 indicates a perfect positive correlation, a of Ϫ1 indicates a perfect negative correlation, and a of 0 indicates that the values are completely independent of each other. A positive correlation was found between the average level of knowledge and the perceived severity of SCD and between the level of knowledge and the 
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Continued perceived benefit to testing with a P value Ͻ0.05. A statistically significant correlation was not found between the average total knowledge of SCD score and the perceived susceptibility and perceived barriers to testing. Further analysis of each knowledge question in relation to the perceived health beliefs found a statistically significant positive correlation between understanding of recessive inheritance and perceived severity, susceptibility, and benefits with a P value Ͻ0.05. Additional positive correlation was found between perceived severity and understanding that SCD is genetic, symptoms are severe, etiology of SCD, and understanding identification of SCT carriers. A positive correlation between perceived benefits of testing and an understanding of SCD etiology and identification of SCT carriers was also observed (Table 3) . Linear regression was used to determine a relationship between the demographic data and the average health beliefs. Perceived severity was significantly predicted by knowledge of SCD only, with a P value Ͻ0.05. Perceived susceptibility to SCD was found to correlate significantly with age. Perceived benefits to testing and perceived barriers to testing were not significantly predicted by any of the demographic variables available.
DISCUSSION
The Health Belief Model theorizes that pursuit of a health screening program will occur when an individual believes that the health concern is serious enough to warrant screening and that he or she is at risk of the disorder and believes that there is a benefit to pursuing the screening and that the barriers to pursuing screening are low. 11, 15 The Health Belief Model has been used in many studies concerning screening among the Ashkenazi Jewish population. This research provides a novel look into the beliefs of the African American population on screening for SCT.
The results of this study suggest that African American women of childbearing age believe that SCD is a severe disease, that there are benefits to screening for SCT, and that the barriers to screening are relatively low. However, they also appear to perceive a lower level of personal susceptibility to having a child with SCD. According to the Health Belief Model, in order to be motivated to pursue a health screening behavior an individual must believe that they are in fact at risk. 11, 12, 15, 44 The low perception of susceptibility to having a child with SCD is one potential explanation for the low uptake of genetic testing and counseling for this disorder as has been observed by many investigators. 3, 9, 10 Interestingly, in the educational discussions that took place after administration of the questionnaires, the comment "Sickle cell disease just doesn't run in my family," was repeatedly volunteered by participants to the researcher. This repeated comment leads us to speculate that the health beliefs may be related to established family or cultural scripts. Family scripts are sets of expectations, beliefs, and norms that assign meaning to patterns of interaction, connect generations, and provide guidance for action. 45 These scripts include beliefs regarding health and illness and the preferred steps to treatment, sharing of information, and roles of family members. 46 A family's beliefs are influenced by sociocultural history, spiritual practices, and experience and can play a significant role in genetic counseling situations. 46 Sensitivity to and awareness of these family and cultural scripts may be important to connect with patients and successfully educate these families. 46 It is possible that the absence of disease in their extended family may add to the belief that they are not at risk of having a child with SCD, and this should be researched further.
Education is often proposed as the most effective way of promoting screening behaviors. An increased level of average SCD knowledge was found to be significantly related to a high perceived severity to SCT and the perceived benefit to SCT screening. It is possible that those individuals with personal experience with SCD, such as afflicted friends or family, will know more about SCD and have experienced its severity and so may feel the screening is more beneficial for preventing future children affected with SCD. However, this study found no relationship between average knowledge of SCD and the perceived level of susceptibility to having a child with SCD. However, positive correlation was observed between an understanding of recessive inheritance and perceived susceptibility to having a child with SCD. It is thus possible that because only half of the respondents understood recessive inheritance, no overall association between knowledge and perceived susceptibility was observed. This suggests the need for and the potential impact of culturally appropriate methods for teaching complex genetic concepts such as autosomal recessive inheritance.
In screening for Tay-Sachs disease among the Ashkenazi Jewish population, anxiety and fear may also have served as motivation for screening; however, this can often result in decisions based on emotion and not based on information. 47 One of the major recommendations of the Task Force on Genetic Testing of National Institutes of Health Department of Energy Working Group on Ethical, Legal, and Social Implications of Fig. 1 . Health beliefs regarding perceived severity, perceived susceptibility, perceived benefits to testing, and perceived barriers to genetic testing for sickle cell trait. Average scores for each health belief are represented in black, and individual question scores are shown in gray. When compared relatively, respondents demonstrate a higher perception of severity and a higher perception of benefit to testing than a perception of susceptibility and barriers to testing.
Human Genome Research is that genetic screening programs must be sensitive to the individual cultural needs of the groups being screened and that the patients, physicians, and genetic counselors fully understand the testing procedures and ensure validity to guarantee that patients make fully informed, autonomous decisions about the testing. 48 -50 The findings of this study give some indications of weakness in current community education on genetic testing and counseling for SCD among African American women and point to the need for further investigation that can lead to the development of culturally sensitive and effective methods for genetic education among the African American population. Similar studies are also warranted for other patient populations, such as the at-risk Hispanic population, as health beliefs can vary between cultures.
This study is limited by the fact that the participants were only women who were actively pursuing health care. It is possible that these women represent a population that may already have a higher understanding and acceptance of health care and testing. As the largest prenatal health care facility in the Pittsburgh area, Magee-Women's Hospital provides care for people of all socioeconomic and education statuses. Information from the 2006 United States Census bureau indicates that 81.2% of African American women are at least high school graduates and 18.8% of African American women attain a college undergraduate degree or more. 51 In the Pittsburgh metropolitan area and Allegheny County, 13% of African Americans are at least college graduates and 18% are high school dropouts. Thus, subjects surveyed on this study appear to be representative of the African American female population. Another limitation of this study is that we did not assess whether all the participants had had previous education on SCD and SCT or whether the participants had ever been tested for SCT. It is possible that those who have had testing and genetic counseling before participating would have an increased level of acceptance of testing and counseling and an increased previous education on the disorder. However, of the 55 participants who were surveyed on previous screening experience, no correlation was found between the health beliefs or knowledge of SCD. Acceptance of genetic counseling may be affected by a willingness to consider termination of pregnancy if prenatal testing reveals a fetus affected by disease; however, the goals of this study were not to investigate the attitudes of participants toward termination of pregnancy. Experience with Tay-Sachs disease in the United States and with ␤-thalassemia in Cyprus suggests that community awareness of and active involvement in a screening program can have a major impact on reproductive decisions made by couples at risk of having a child with the disease. However, the clinical course in SCD is less predictable and there is limited experience in genetic education and counseling in the African American community. It is therefore unknown whether education and counseling will ultimately affect reproductive choices made by couples. Further, because we collected only limited demographic data in the brief questionnaire, we did not investigate the impact of socioeconomic status or availability of transportation on health beliefs.
In conclusion, African American women of childbearing age appear to have a good understanding of the severity of SCD, the benefits of genetic testing and counseling, and the relatively low barriers to obtaining this testing, but frequently do not believe that their personal risk of having a child with SCD is high. These health beliefs must be taken into account when designing programs for African American women on genetic testing and counseling for SCD. Further study is indicated to determine why African American women do not believe that they are at risk of having children with SCD and what impact socioeconomic status has on these beliefs.
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